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Sex differences in STEM anxiety. We performed mixed model ANOVA analyses for each anxiety measure 1 . 168 These analyses demonstrated significant main effects of sex on all measures of anxiety, including science, 169 spatial, math, and clinical anxiety ( Table 1) . Female students reported higher mean levels of anxiety on 170 every measure compared to male students at both pre-and post-instruction ( Fig. 1) . When considering 171 how students' anxiety changed across the semester-long course, only science anxiety displayed a main 172 effect of time. Examining the marginal means for female students, science anxiety scores were 173 significantly increased at post-instruction (M = 16.43, SD = 10.76) compared to pre-instruction (M = 6.41, 174 SD = 7.96). Similar results were observed for male students: science anxiety scores were significantly 175 increased at post-instruction (M = 11.28, SD = 9.563) compared to pre-instruction (M = 3.15, SD = 3.498). 176 There was no significant interaction between participant sex and change in anxiety scores on any measure. 1 To assess the robustness of these results to potential violations of the assumptions of normality and equal variances, we replicated the analyses above using robust ANOVA methods recommended by Wilcox (2017) . The robust ANOVAs returned the same pattern of results as the classical ANOVAs, strengthening our confidence in these findings. Additionally, we note that the same general pattern of results held when running the analyses using linear mixed model (multilevel) regressions, both with and without controlling for clinical anxiety when analyzing the remaining anxiety measures, available in Table S2 of the Supplementary Information (SI). Neural correlates of anxiety. To assess how functional brain connectivity relates to anxiety, we first 191 identified the SN, DMN, and CEN using a data-driven, meta-analytic parcellation (Laird et al, 2011) ( Fig. 2) , 192 extracted the average network time series from pre-processed rs-fMRI data, and constructed per-193 participant adjacency matrices reflecting the degree of between-network correlation across the three 194 networks (Abraham et al., 2014) . Motion was regressed out and high-motion volumes were censored 195 (Power et al., 2014) To quantify putative relations between functional connectivity and anxiety, Pearson correlation 206 coefficients were computed between the inter-network edge weights and anxiety scores, controlling for 207 a false discovery rate of 0.25 using the Benjamini-Hochberg Procedure (Benjamini and Hochberg, 1995) 208 ( Fig. 3) . At pre-instruction, among female students, there were no significant correlations between any of 209 the anxiety scores and inter-network connectivity. In contrast, male students at pre-instruction exhibited 210 significant correlations between science anxiety and CEN-DMN connectivity (r(53) = 0.275, P = 0.042, aFDR 211 = 0.13), science anxiety and DMN-SN (r = 0.311, P = 0.021, aFDR = 0.10), spatial anxiety and CEN-DMN (r = 212 0.366, P = 0.006, aFDR = 0.02), math anxiety and CEN-DMN (r = 0.325, P = 0.015, aFDR = 0.08), math anxiety 213 and DMN-SN (r = 0.355, P = 0.008, aFDR = 0.04), and clinical anxiety and SN-CEN (r = -0.343, P = 0.010, aFDR 214 = 0.06). The correlation between clinical anxiety and SN-CEN connectivity was the only significant negative 215 correlation observed, as well as the only measure linked with SN-CEN connectivity. All STEM anxiety 216 measures in males were positively correlated with the CEN-DMN and DMN-SN connectivity. We also 217 tested for an effect of sex across these results and observed that the correlation between clinical anxiety 218 and SN-CEN was significantly different between female and male students (Z = -2.927, P = 0.002).
220
At post-instruction, no significant correlations were observed between anxiety scores and inter-network 221 connectivity for female students. Male students at post-instruction exhibited significant correlations 222 between spatial anxiety and CEN-DMN (r(53) = 0.381, P = 0.004, aFDR = 0.04), spatial anxiety and DMN-SN 223 (r = 0.435, P = 0.001, aFDR = 0.02), and math anxiety and DMN-SN (r = 0.332, P = 0.013, aFDR = 0.06). As 224 with pre-instruction results, the significant STEM-related correlations were positive and only significantly 225 related to the CEN-DMN and DMN-SN, but not SN-CEN connectivity. Again, we also tested for an effect of 226 sex across these results and observed that the spatial anxiety correlations with CEN-DMN and DMN-SN 227 and significantly differed between female and male students (Z = -2.375, P = 0.009 and Z = 3.094, P = 228 0.001, respectively).
230
In addition, we examined the correlations between the change in anxiety scores and the change in 231 connectivity from pre-to post-instruction (detailed scatterplots shown in Fig. S2 ). Of these, ∆anxietyspatial 232 and ∆SN-CEN were significantly negatively correlated for females (r(44) = -0.459, P = 0.001, aFDR = 0.02), 233 but not males r(53) = -0.041, P = 0.764, aFDR = 0.23), and the difference between sexes was statistically 234 significant, Z = 2.208, P = 0.014. Thus, for female students, as spatial anxiety increased over time, 235 connectivity between SN and CEN decreased. Conversely, ∆anxietymath and ∆SN-CEN were significantly 236 negatively correlated among male students (r(53) = -0.361, P = 0.007, aFDR = 0.02), but not female students 237 r(44) = -0.057, P = 0.707, aFDR = 0.17), and this difference between sexes was statistically significant, Z = -238 1.557, P = 0.06. Thus, for male students, as math anxiety increased over time, connectivity between the 239 SN and CEN decreased. visualization of the results is provided to delineate the between-network correlations with anxiety in male students. 251
While female students exhibited no significant correlations between anxiety and brain connectivity at pre-or post-252 instruction, male students exhibited several significant correlations at both time points. Males exhibited a general 253 tendency to show fewer significant correlations at post-compared to pre-instruction associated with a reduced set 254 of tripartite connections. 255 256 Sex, anxiety, and academic performance. Traditional measures of academic performance include 257 measures of students' grades. We collected each student's overall GPA prior to taking the course, as well 258 as their final physics course grade. First year students were excluded (2F, 6M) from the GPA analysis since 259 they entered the physics course with a GPA of zero. No significant sex differences were observed for 260 incoming GPA (UGPA = 1051.5, P = 0.838, d = 0.293) or physics course grade (Ugrade = 1056.5, P = 0.148, d = 261 0.286).
263
To quantify the relation between anxiety and academic performance, Pearson correlations were 264 computed separately for female and male students, controlling for a false discovery rate of 0.25 using the 265 Benjamini-Hochberg Procedure (Benjamini and Hochberg, 1995) ( Fig. 4) . Among female students at pre-266 instruction, GPA was positively correlated with spatial anxiety (r(42) = 0.381, P = 0.011, aFDR = 0.06) while 267 course grade was negatively correlated with math anxiety (r(44) = -0.321, P = 0.030, aFDR = 0.09) and 268 clinical anxiety (r(44) = -0.534, P < 0.001, aFDR = 0.03). Among male students at pre-instruction, GPA was 269 only negatively correlated with math anxiety (r(47) = -0.358, P = 0.012, aFDR = 0.03). The correlation 270 between GPA and clinical anxiety at pre-instruction significantly differed between females and males (Z = 271 2.364, P = 0.009). Among female students at post-instruction, GPA was negatively correlated with clinical Next, we examined the correlations between the change in anxiety scores and academic performance.
292
Female students demonstrated no significant correlations between GPA or grade and the change in any 293 anxiety measure. Conversely, male students exhibited significant negative correlations between grade 294 and ∆anxietyscience (r(53) = -0.393, P = 0.003, aFDR = 0.03), ∆anxietyspatial (r = -0.339, P = 0.011, aFDR = 0.06), 295 and ∆anxietymath (r = -0.296, P = 0.028, aFDR = 0.09), as well as between GPA and ∆anxietyscience (r(47) = -296 0.416, P = 0.003, aFDR = 0.03). A significant sex effect was observed for the correlation between grade and 297 ∆anxietyspatial (Z = -2.033, P = 0.021).
299
Anxiety mediates brain function and performance. Lastly, we investigated if functional brain connectivity 300 was correlated with academic performance at pre-or post-instruction, controlling for a false discovery 301 rate of 0.25 using the Benjamini-Hochberg Procedure (Benjamini and Hochberg, 1995) ( Fig. 5a) . For female 302 students, no significant correlations were observed between inter-network brain correlations and GPA or 303 course grade at either time point. For male students, there was a significant, negative correlation between 304 DMN-SN connectivity and course grade at post-instruction (r(53) = -0.267, P = 0.049, aFDR = 0.09). Given 305 this result, we then asked to what extent anxiety might mediate the relationship between brain 306 connectivity and academic performance. We investigated four separate mediation models among male 307 students to determine if post-instruction science, spatial, math, or clinical anxiety was a mediating 308 variable on DMN-SN connectivity and course grade. We observed including math anxiety as a variable 309 reduced the total effect of DMN-SN and course grade, which was no longer significant (indirect effect = -310 0.544, SE = 0.267, P = 0.042; 95% bootstrap confidence intervals (CIs) = -1.161, -0.128) (Fig. 5b) . Science, 311 spatial, and clinical anxiety were not found to mediate DMN-SN connectivity and course grade. Our results identified significant sex differences in STEM and clinical anxiety, among undergraduate 336 physics students, with females experiencing higher levels of STEM anxiety compared to their male 337 counterparts, in agreement with prior work (Alexander and Matray, 1989; Mallow, 1994; Lawton, 1994) .
338
While we observed significantly increased science anxiety from pre-to post-instruction in both female 339 and male students, we found no evidence of an interaction between sex and change in anxiety scores.
340
That is, our results do not suggest that the introductory physics course in our study differentially impacts 341 changes in anxiety for female and male students. This is important from the perspective of educators who 342 seek to create inclusive classrooms that are free from instructionally derived bias.
344
Previous studies have shown that SN, DMN, and CEN dysfunction are implicated in clinical anxiety (Sripada 345 et al., 2012; Zhang et al., 2015; Fan et al., 2017) . We were surprised to see that female students exhibited 346 no significant correlations between connectivity and anxiety at either time point. In contrast, male 347 students exhibited multiple, significant positive correlations between connectivity and STEM anxiety at 
365
Male students exhibited a general trend of fewer significant brain-anxiety correlations at post-compared 366 to pre-instruction, despite increased science anxiety. Although speculative, this tendency is suggestive of 367 a cognitive or physiological mechanism at play and may provide directions for future work. As male 368 students are faced with the challenges of their first university-level physics course, the brain may 369 accommodate the increases in science anxiety and balance the response to such challenges. In contrast, 370 female students experience greater obstacles in STEM education that can trigger anxiety as early as the 371 preschool and elementary years (Gunderson et al., 2012; Hill et al., 2016; Wong et al., 2017) . The null 372 female results may point to a lack of vulnerability, suggesting that their relatively higher STEM anxiety 373 does not hinder salience-related central executive and self-referential processes. Female students may 374 experience an earlier adaptive period as their STEM anxiety increases, resulting in a compensatory 375 mechanism that down-regulates the anxiety-brain correlations, possibly via a reallocation of neural shown that university students with high math anxiety exhibit increased SN activity when anticipating a 389 math problem (Lyons and Beilock, 2012 ), yet math cue-related activity increased in the CEN as math deficit 390 decreased, suggesting that increased recruitment of cognitive control processes may improve 391 performance in math (Lyons and Beilock, 2011) . Relatedly, lower math anxious children showed increased 392 activation in regions of the CEN and DMN during math problem solving compared to higher math anxious 393 children (Young et al., 2012) although the reverse was shown by Supekar et al. (2015) during successful 394 math trials. This prior work in task-based fMRI has not addressed sex-related differences in the neural 395 correlates of anxiety. Here, we showed math anxiety was consistently related to brain connectivity and 396 performance for both sexes compared to other anxiety measures. Specifically, although math anxiety was 397 not significantly related to SN-CEN inter-network connectivity in male students at pre-or post-instruction, 398 the change in math anxiety was negatively correlated with the change in SN-CEN connectivity over the 399 course of instruction. That is, as math anxiety increased across the semester for male students, SN-CEN 400 connectivity also increased. Although higher levels of math anxiety are reported by female students, math 401 anxiety has been more strongly linked to poor performance in precollege male students (Hembree, 1990) .
402
Our results related to math anxiety in male students suggest that the SN-CEN pathway may play a critical 403 role in longitudinal changes across a semester of STEM learning, but that the DMN-SN pathway is more 404 strongly related to course performance, with math anxiety mediating this relationship.
406
Our study is limited by several concerns. First, our objective was to characterize sex differences in STEM 407 anxiety in STEM undergraduate students. As such, recruitment and enrollment of participants who 408 completed a core STEM course required broadly across STEM majors was deemed a key aspect of this 409 study -our target sample was a wide range of STEM undergraduates, which we captured via an 410 introductory physics course. However, it is likely that our results do not generalize to non-STEM 411 undergraduates, given their different experiences with STEM-related coursework. Future work is needed 412 to clarify how STEM anxiety may be differentially experienced by non-STEM students compared to STEM 413 students. Second, students diagnosed with psychiatric or neurologic disorders were excluded; participants 414 were also excluded if they reported use of psychotropic medications. Thus, our results may not generalize 415 to a broader community of students that includes those diagnosed with and receiving treatment for 416 clinical disorders of anxiety and depression. Third, although our primary analyses treated STEM and 417 clinical anxiety as independent constructs, we acknowledge that this may not be the case for some 418 students. We conducted collinearity diagnostics, which demonstrated that multicollinearity was not a 419 concern for STEM and clinical anxiety measures. As an added step to reduce potential confounds by 420 clinical anxiety, we performed partial Pearson correlation analyses that produced approximately equal, 421 and even in some instances stronger, associations between STEM anxiety, functional connectivity, and 422 academic performance when controlling for clinical anxiety. Both the collinearity diagnostics and the 423 additional partial correlation analyses are available in the Supplemental Information (SI). Fourth, the 424 timeline of the study created logistic challenges in that all data collection was carried out during short 425 periods of time at the beginning and ending of each semester. As a result, while MRI sessions were 426 completed following the final exam, our post-instruction behavioral data were generally scheduled the 427 week prior to finals week (a period of time generally associated with increased anxiety levels among 428 students). It is unclear how our results may be confounded by the temporal mismatch of MRI and 429 behavioral sessions. Fifth, additional clarity may have been provided by including additional measures 430 (e.g., the Positive and Negative Affect Schedule) to assess participant mood states on the day of scanning.
431
Moreover, MRI scans may induce anxiety for some participants, especially those with high trait anxiety.
432
Future work should strongly consider including measures of MRI-related anxiety (e.g., the Magnetic Resonance Imaging-Anxiety Questionnaire (Ahlander et al., 2016) ). Last, anxiety was assessed exclusively 434 via self-report rating scales. Future work should include additional multi-method designs such as task-435 based fMRI with concurrent psychophysiological indexes of sympathetic and parasympathetic activity 436 (e.g., respiratory sinus arrhythmia and skin conductance, respectively).
438
Overall, our results indicate that female and male students experience different levels of STEM anxiety 439 and exhibit different neurobiological systems-level support for this anxiety, which is differentially 440 associated with their academic success. That this occurs despite no sex differences in performance (e.g.,
441
GPA or course grade) is notable, and in agreement with two recent meta-analyses that provide strong 442 evidence challenging the persistent stereotypes that male students possess higher innate aptitude in math 443 and science compared to female students (Kersey et al., 2018; O'Dea et al., 2018) . Importantly, the course 444 studied here was shown to be equal (i.e., no significant interaction between sex and change in anxiety), the idea that reduced female representation in STEM is due to poor climate for women rather than lack 450 of ability or interest. Our results support this framework. We recommend that positive changes in favor 451 of promoting women in STEM should focus on addressing climate issues that contribute to STEM anxiety.
452
At the elementary and secondary school level this could include improving parental and teacher support, 453 which has been shown to significantly impact girls' anxiety, confidence, and performance (Beilock et al., 454 2010; Gunderson et al., 2012; Casad et al., 2015) . At the university level, this could include increasing Broadly, female and male STEM students experience different learning environments, societal 467 expectations, and academic opportunities, which all contribute to socio-emotional brain development, 468 necessitating rigorous and objective standards for the study of sex and gender in neuroimaging research 469 (Rippon et al., 2014) . Our results demonstrate that sex differences in brain networks are not fixed and 470 that STEM anxiety is related to changes in both female and male students' brains during the physics 471 learning process. We conclude that there are significant sex differences between STEM anxiety linked with 472 large-scale brain networks and recommend future research to determine how reducing barriers and 473 making the climate more equitable may enable a more inclusive STEM community. Participants and Study Design. One hundred and one healthy right-handed undergraduate students 479 (mean age = 19.94 ± 2.46 years, range = 18-25 years; 46 females) who completed a semester of 480 introductory calculus-based physics at Florida International University (FIU) took part in this study.
Participants self-reported that they were free from cognitive impairments, neurological and psychiatric
